INTRODUCTION
The shape of any facet of a 3-polytope can be preassigned. That is, given any 3-polytope P a facet F of P and a polygon F' with the same number of sides as F, there is an isomorphic 3-polytope P' such that F is a facet of P' and the isomorphism takes F onto F (see [ 21) . It is also known that given any simple circuit C in the graph of a 3-polytope P, there is an isomorphic 3-polytope P' such that an orthogonal projection of P' will take the corresponding circuit onto the boundary of the projection ([ 1)).
Griinbaum has asked if given a circuit C of length n in a 3-polytope P and an n-gon A, there is an isomorphic 3-polytope P' for which the corresponding circuit projects orthogonally onto A [4] .
We shall show that there is not always such a 3-polytope P'.
THE COUNTEREXAMPLE
Let T be a tetrahedron. We construct the polytope P from T by erecting pyramidal caps over each facet of T. Let the vertices added be called capping vertices and the vertices of T be called tetrahedron vertices.
Next we construct the polygon. Let D be a square and let B be the circle containing the vertices of D. Let B, be a larger circle, concentric to B, but close enough to B such that we may choose four vertices on B, as in Fig. 1 , so that these eight vertices are vertices of a convex octagon. This is the polygon A. It is easily verified that there is a simple circuit C in P through all of the vertices. This circuit necessarily alternates capping vertices and tetrahedron vertices. 1. There is no polytope P' isomorphic to P for which the circuit C', corresponding to C will project orthogonally onto A with the capping vertices projecting onto the vertices qf A that lie on B,.
Proof Suppose that P' exists. We first make an observation about the relation of the capping vertices to the sphere S determined by tetrahedron vertices in any polytope isomorphic to P. If all capping vertices were on or outside S then we could move the vertices outside S toward the facets of the convex hull of the tetrahedron vertices that they capped until they were on the sphere S. This produces a polytope isomorphic to P with all its vertices lying on a sphere. Such a polytope does not exist. (The reader is referred to [3] where such questions of circumscribability are dealt with in some detail.) We conclude that in any polytope isomorphic to P at least one capping vertex is inside the sphere determined by the tetrahedron vertices.
We suppose that P' is projecting onto A as prescribed. We now take a linear transformation that shrinks distances perpendicular to the plane of A and leaves distances unchanged in planes parallel to A. Such a transformation can be used to take P' onto an isomorphic polytope P" that is arbitrarily close to A. When this is done the sphere determined by the vertices of P" will have a projection that is close to the disc bounded by B. We choose the transformation so that this projection is inside B, . Note that P" projects onto A with the capping vertices going to the vertices of A on B,.
We now have a contradiction because the inverse image of each capping vertex lies outside the sphere determined by the tetrahedron vertices of P". THEOREM 2. There is no polvtope P' isomorphic to P such that the circuit C' corresponding to C will project orthogonally onto a regular octagon.
ProoJ Suppose P' exists. Since P' is simplicial we may move each vertex a small amount without changing the combinatorial type of P'. We may therefore move the thetrahedron vertices so that they project onto a circle inside the circle determined by the image of the capping vertices. We now have a situation that is ruled out by Theorem 1.
